INTRODUCTION
Mushrooms have long been attracting a great deal of interest in many areas of foods and biopharmaceuticals, and are regarded as popular or effective medicines used to treat various human diseases, such as hepatitis, hypertension, hypercholesterolemia, and gastric cancer Song et al. 1998; Kim et al. 1999; Kim et al. 2001) . Recent studies on exopolysaccharides from mushrooms have demonstrated many interesting biological activities Mizuno et al. 1990; Ng 1998 ). There are several antitumour agents produced from mushroom extracts such as Lentinan from Lentinus edodes (Chihara et al. 1970) , Schizophyllan from Schizophyllum commune (Tabata et al. 1981) , and Krestin from Coriolus versicolor (Ng 1998) , which are presently commercially available. Many investigators have exerted their efforts to cultivate this mushrooms on solid arti®cial media rather than submerged culture (Ryu et al. 1998; Pfefferle et al. 2000) . Submerged culture gives rise to potential advantages of higher mycelial production in a compact space and shorter time with lesser chances of contamination (Friel and McLoughlin 2000; Yang and Liau 1998) . Although several investigators have attempted to obtain optimal submerged culture conditions for exo-biopolymer production from several mushrooms, the nutritional requirements for submerged culture have not been demonstrated extensively (Sung et al. 1993; Lee and Kang 1996; Lee et al. 1998; Choi 1999; . In our previous investigations, both mycelial biomass and exo-biopolymers produced from submerged culture of several mushrooms are responsible for some healthy properties (Song et al. 1998; Kim et al. 2001) . In the present study, in an attempt to select mushrooms with good mycelial growth and high production of exo-biopolymers, nutritional requirement in submerged culture was investigated for various edible mushrooms.
MATERIALS AND METHODS

Micro-organism
Nineteen strains of mushrooms (mostly Basidiomycetes) used in this study were culture collections from our laboratory isolated from mountainous districts in Korea, except one EFCC (Entomopathogenic Fungal Culture Collection) strain and two KFCC (Korea Federation of Culture Collection) strains. All stock cultures were maintained on a potato dextrose agar (PDA) slant and subcultured every 1 month, and the slants were incubated at 25°C for 7 d and then stored at 4°C.
Inoculum preparation
All strains were initially grown on PDA medium in a Petri dish, and then transferred into the seed medium by punching out 5 mm of the agar plate culture with a selfdesigned cutter . A shake¯ask culture was carried out in a 250-ml¯ask containing 50 ml of the medium and incubated at 25°C for 7 d. The synthetic media compositions used in this study are presented in Table 1 . All experiments were carried out at least in duplicate to ensure reproducibility.
Bioreactor fermentation
The fermentation medium was inoculated with 4% (v/v) of the seed culture and then cultivated at 25°C in a 5L jar fermenter (KoBioTech Co., Seoul, Korea). Unless otherwise speci®ed, fermentations were performed under the following conditions: temperature 25°C; aeration rate, 2 vvm; agitation speed, 150 rev min )1 ; initial pH, 5á0; working volume, 3L.
Analytical methods
Samples collected at various intervals from shake¯asks were centrifuged at 10 000 g for 20 min, and the resulting supernatant was ®ltered through a membrane ®lter (0á45 lm, Millipore). The resulting culture ®ltrate was mixed with 4 times the volume of absolute ethanol, stirred vigorously and kept overnight at 4°C. The precipitated exo-biopolymer was centrifuged at 10 000 g for 20 min discarding the supernatant (Bae et al. 2000) . The precipitate of pure exo-biopolymer was lyophilized and the weight of the polymer was estimated. The dry weight of mycelium was measured after repeated washing of the mycelial pellet with distilled water and drying at 70°C for overnight to a constant weight.
RESULTS
Mycelial growth and exo-biopolymer production in MCM medium
Three different media; i.e. MCM (mushroom complete medium), YM (yeast malt extract) and PMP (potato malt peptone) medium which have usually been used for the cultivation of higher fungi, were employed to select a suitable medium for the exo-biopolymer synthesis and mycelial growth. Among 19 mushrooms tested, A. cylindracea, C. maculata, and G. lucidum could be served as good sources of exo-biopolymer production in MCM medium ( Table 2 ). The maximum biopolymer production (1158 mg l )1 ) was achieved in G. lucidum at 15 d of fermentation. The biosyntheses of exo-biopolymer in those three mushrooms were strongly affected by this complex media particularly in the later stage of fermentation. The results of mycelial growth of various mushrooms were in the order of C. militaris > A. polytricha > P. ostreatus NO. 1 > T. suaveolens. The initial pH of the fermentation broth of G. lucidum slowly decreased, whereas the initial pHs of the fermentation broth of A. cylindracea and C. maculata interestingly increased up to 6á67 and 7á35, respectively, at the end of fermentation.
Mycelial growth and exo-biopolymer production in YM medium Table 3 shows the results of mycelial growth and exobiopolymer production from various mushrooms in YM medium. The exo-biopolymer production yields in YM medium were relatively lower than those in MCM medium. In the case of A. polytricha, the maximum mycelial growth and exo-biopolymer production were only 6610 mg l )1 and 780 mg l )1 , respectively, after 15 d of fermentation. Furthermore, in the case of P. ostreatus NO. 1, the maximum mycelial growth and exo-biopolymer production were only 6630 mg l )1 and 740 mg l , respectively.
Mycelial growth and exo-biopolymer production in PMP medium
In comparison with MCM and YM medium, PMP medium was favourable for both mycelial growth and exo-biopolymer )
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*DCW means dry cell weight. EBP means exo-biopolymer. production as well. As shown in Table 4 , C. versicolor, G. lucidum NO. 1, P. linteus KCTC 6190, P. pini KCTC 6655 and P. ostreatus NO. 2 were found to be good producers of exo-biopolymers in PMP medium. Furthermore, the rates of mycelial growth and exo-biopolymer production were signi®cantly different during submerged fermentation. For example, exo-biopolymer yields from various mushrooms were in the order of P. linteus KCTC 6190 > P. pini KCTC 6655 > G. lucidum NO. 1 > P. ostreatus NO. 2. However, the highest mycelial biomass (12á92 g l )1 ) was achieved in G. lucidum NO. 1 at d 10. Friel and McLoughlin (2000) also reported that mycelial growth of Agaricus bisporus was enhanced by malt extract, a key component in PMP medium. Figure 1 shows the time pro®les of mycelial growth and exo-biopolymer production for two selected mushrooms (G. lucidum NO. 1 and P. linteus KCTC 6190) in a 5 fermenter using PMP medium. As shown in Fig. 1(a) , the exo-biopolymer concentration in G. lucidum NO. 1 reached up to 5 g l )1 after 9 d of fermentation while the mycelial biomass indicated 16á3 g l )1 after 11 d of fermentation. The exo-biopolymer concentration and mycelial biomass were 3 times and 2 times higher than those in shake cultures, respectively. Lee et al. (1998) have reported that maximum polysaccharide production and mycelial biomass of the same species of mushroom (G. lucidum) were found to be 7á15 g l )1 and 13á9 g l )1 , respectively, in an air-lift bioreactor. The initial pH of the fermentation broth of G. lucidum NO. 1 sharply dropped to 3á9 for the ®rst 3 d, and remained a constant 4á0 during the rest of fermentation period. However, in the case of P. linteus KCTC 6190 fermentation, the mycelial biomass and exo-biopolymer concentration was relatively low, indicating that they showed almost a similar level to or slightly higher level than those in shake¯ask cultures. Kim et al. (2001) have reported that maximum polysaccharide production and mycelial biomass of the same species of mushroom (P. linteus) were found to be 3á5 g l
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and 14á2 g l )1 , respectively.
DISCUSSION
From the aforementioned results, a critical conclusion was derived that exo-biopolymer production yield and mycelial growth kinetics of mushrooms vary widely with respect to the mushroom species and their nutritional status. Among the different media examined, a relatively high-level of exo-biopolymer production was achieved in PMP medium. For example, the exo-biopolymers yields from G. lucidum NO. 1 and P. linteus KCTC 6190 were signi®cantly different by variation in complex media (Tables 2, and 4) . Yang and Liau (1998) have reported that maximum polysaccharide production in G. lucidum in a glucose-ammonium chloride medium was found to be 1600 mg l )1 . It is interesting to note that the pro®le of polysaccharide production was not consistent with that of mycelial growth of P. linteus, which is often the case in fermentation kinetics of higher fungi. These results indicated that the carbon source can be utilized to improve the production yield of polysaccharide and that good mycelial growth seems not to be a determining factor for high production yield of polysaccharides in P. linteus (Lee et al. 1995) . Similar results were observed in G. lucidum (Sone et al. 1985) . However, Park et al. (1994) reported that mycelial growth was closely related to the protein-bound polysaccharide production in C. versicolor. There were no notable morphological changes in mycelium amongst the different culture media. All mushrooms displayed pellet growth during the entire period of fermentation (data not shown). Although many workers have attempted to obtain mycelial biomass of mushrooms by submerged culture process, very little information is available regarding the environmental factors affecting mycelial growth of mushrooms in submerged culture (Tseng et al. 1984; Sone et al. 1985) . To meet the requirements of large-scale exo-biopolymer production, further studies are ongoing, including optimization of culture conditions and characterization of exo-biopolymers produced from selected mushrooms.
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